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Transcranial Doppler Monitoring During Carotid Endarterectomy Helps
to Identify Patients at Risk of Postoperative Hyperperfusion
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Objectives: to investigate whether transcranial Doppler (TCD) monitoring can identify patients at risk of hyperperfusion,
and whether active postoperative treatment of selected patients decreases the risk of intracerebral haemorrhage (ICH).
Design: a case cohort study of 688 patients undergoing carotid endarterectomy (CEA) with intraoperative TCD monitoring.
Methods: sixty-two patients (9%) fulfilled the TCD criteria for hyperperfusion, i.e. >100% increase of peak blood flow
velocity or pulsatility index of the middle cerebral artery, compared to preclamp baseline values. In these patients, blood
pressure was closely monitored and controlled postoperatively.
Results: postoperatively, seven of these patients (11%) exhibited clinical signs or symptoms of hyperperfusion but no
cerebral haemorrhage (ICH). This is a significantly better outcome (p<0.005) compared to a 2% incidence of ICH after
CEA in previous years in our hospital.
Conclusions: patients at risk of hyperperfusion syndrome after CEA can be identified intraoperatively by TCD monitoring.
In these selected patients, immediate and adequate postoperative treatment of hypertension results in a decreased risk of
intracerebral haemorrhage.
Key Words: Carotid endarterectomy; Perioperative monitoring; Transcranial Doppler; Hyperperfusion syndrome; Intra-
cerebral haemorrhage.
Introduction hyperperfusion can result in unilateral hypertensive
encephalopathy with a triad of symptoms: seizures,
Intracerebral haemorrhage (ICH) is an infrequent but migraine variants and intracranial haemorrhage.
serious complication of carotid endarterectomy (CEA). Since the publication of Sundt et al., several authors
In the literature, the incidence for this complication have reported on patients with a post-endarterectomy
varies between 0.5–1.0%.1–5 The mortality from intra- hyperperfusion syndrome.8–16 Breen and co-workers
cerebral haemorrhage after CEA is high (40%). Sug- showed that patients with a hyperperfusion syndrome
gested risk factors include recent and old cerebral after CEA had, on computer tomography (CT) scans
infarction, postoperative hypertension, the use of anti- of the brain, severe white matter oedema ipsilateral
thrombotic or anticoagulant agents, advanced age, to the side of surgery.17 They conclude that brain
contralateral high-grade carotid artery stenosis, and oedema with neurological signs should be included
poor collateral flow. One hypothesis concerning the as a serious but potentially reversible component of the
pathogenesis of intracerebral haemorrhage is post- postoperative hyperperfusion syndrome. Most authors
operative cerebral hyperperfusion. This was initially recommend strict control of blood pressure to prevent
described by Spetzler et al. as the “normal-perfusion- these complications.
pressure-breakthrough” theory as an explanation for Transcranial Doppler (TCD) ultrasonography can be
the occurrence of oedema and haemorrhage after ex- used to measure blood flow velocities in the middle
cision of a cerebral arteriovenous malformation.6 Sundt cerebral artery (MCA) during CEA and there are some
et al. were the first to describe the hyperperfusion reports on the use of TCD monitoring in patients
syndrome after CEA.7 According to them cerebral with a postoperative hyperperfusion syndrome.16,18–22
However, prospective studies on the role of trans-
cranial Doppler monitoring in preventing the hyper-
* Please address all correspondence to: R. G. A. Ackerstaff, De- perfusion syndrome after CEA have not beenpartment of Clinical Neurophysiology, St. Antonius Hospital, Post-
bus 2500, 3430 EM Nieuwegein, The Netherlands. published. In a previous study of 233 endarterectomies
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with intraoperative TCD monitoring in our institution, was closely monitored and controlled with medication
the incidence of intracerebral haemorrhage after sur- intraoperatively after declamping and postoperatively
gery was analysed.23 This complication was correlated on the medium care unit or the surgical ward.
with clinical features and transcranial Doppler para- All patients were operated on under general an-
meters. Five patients (2%) developed an ipsilateral aesthesia. One hour before start of surgery, 10 mg
intracerebral haemorrhage. During the procedure, at diazepam was administered as preanaesthetic med-
carotid artery clamp release, four of these five patients ication. Anaesthesia was induced with thiopental
had either a significant increase of peak blood flow 4–6 mg, fentanyl 3–5 lg/kg and atracurium 0.5 mg/
velocity (PFV) in the ipsilateral middle cerebral artery, kg. The trachea was intubated and all patients were
or an increase of pulsatility index (PI) of the Doppler mechanically ventilated. Maintenance of anaesthesia
signal. Statistical analysis led to the conclusion that was achieved with 66% nitrous oxide (N2O) in oxygen
patients at risk for ICH could reliably be identified and repeat doses of fentanyl and atracurium. If needed,
based on factors occurring before the event. An in- low-dose isoflurane was given (0.5–1%). All patients
crease of peak blood flow velocity >175% or pulsatility were operated under slightly hypocapnic (end-tidal
index >100% after declamping predicted intracerebral CO2 concentrations 4.0–5.0%) and hypertensive con-
haemorrhage more accurately than the occurrence of ditions (blood pressure 10–15% above the level ac-
headache and hypertension. Based on the results of cepted as normal for the patient). Monitoring included
this study, we changed our perioperative treatment of heart rate, peripheral oxygen saturation, invasive ar-
patients to prevent the occurrence of ICH. terial blood pressure, end-tidal concentrations of iso-
The purpose of the present study was twofold: flurane, nitrous oxide and carbon dioxide. Patients
Firstly, to determine if intraoperative TCD monitoring with a history of angina pectoris or myocardial in-
can be used as a reliable modality to identify and farction received nitroglycerine intravenously during
select patients at risk for hyperperfusion after CEA. the operation and in the postoperative period. Three
Secondly, to establish if immediate and adequate treat- minutes before cross-clamping of the carotid artery,
ment of hypertension in selected patients results in a patients received 5000 IU heparin intravenously; prot-
decreased risk of intracerebral haemorrhage. amine reversal was not used. A Javid shunt was used
in cases of severe EEG asymmetry and/or a reduction
of PFV >70% during test clamping.
All patients remained on the medium-care unit forMaterials and Methods
at least 24 h postoperatively. Blood pressure was mon-
itored intra-arterially during this time. In patients atFrom November 1992 until February 1998, 789 elective
risk of hyperperfusion, a postoperative TCD in-carotid endarterectomies were performed in our in-
vestigation was performed to determine if cerebralstitution (ipsilateral stenosis >70%). Patients with a
blood flow velocities were within the patient’s pre-carotid endarterectomy in combination with coronary
operative limits and adjustments were made to preventbypass surgery were excluded. Intraoperative trans-
hyperperfusion. In the event of undesirable high bloodcranial Doppler monitoring was possible in 475 men
pressure (i.e. systolic pressure above 140 mmHg, or(69%) and 213 women, i.e. in 87% of all patients. In
above the threshold systolic pressure determined bythe remaining 101 patients TCD monitoring was not
TCD), blood pressure was actively lowered with intra-possible because of technical or logistical problems.
venous or oral antihypertensive medication. DuringThe methods of intraoperative EEG and TCD moni-
and directly after the operation, clonidine was used.toring have been described elsewhere.24,25 In this study,
If needed, this was administered as an intravenouswe were especially interested in the changes of peak
bolus. When necessary, it was continued as bolusesblood flow velocities (PFV) and of the Gosling pul-
intramuscularly on the first postoperative day. If thesatility indices (PI) of the MCA mainstem on the side
pulse rate allowed it, then sometimes labetolol wasof surgery at declamping. Therefore, we measured
started as a continuous intravenous infusion. AfterPFV and PI 1 min before test clamping and for the
24 h, oral medication was given. Captopril was thefirst 3 min after clamp release, when the desobstruction
preferred antihypertensive drug. The majority ofhad been completed. The changes of PFV and PI were
patients had antithrombotics, aspirin 100 mg daily,calculated as the percentual increase compared to
which was continued. Only specific cardiac pathologyintraoperative preclamp values. We classified patients
sometimes required anticoagulants. Epileptic seizureswith a >100% increase of PFV, or >100% increase of
were controlled with anticonvulsants. In the event ofPI, or both, as patients at risk for a hyperperfusion
syndrome. In the selected patients, blood pressure focal cerebral deficit or seizures, a CT scan of the brain
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Table 1. Characteristics of patients fulfilling the TCD criteria Table 2. Intraoperative increase of mean (95% confidence interval)
PFV and PI.for hyperperfusion syndrome as compared to the control group
matched for sex, age and date of operation.
Hyperperfusion Controls
Hyperperfusion Controls
n=62 n=61 Mean PFV› 146% (122–170) 16% (8–24)
Mean PI› 68% (47–89) 16% (9–23)
Age 68 68
(range 46–91 years) (range 45–80 years)
Male gender 40 (65)* 37 (61) n.s.
Table 3. Postoperative signs and symptoms of the 62 patientsCarotid artery
fulfilling the TCD criteria for the hyperperfusion syndrome (at-Right 29 (47) 28 (46) n.s.
risk group) compared to the control group.Left 33 (53) 33 (54)
Hypertension 30 (48) 28 (46) n.s.
Hyperperfusion ControlsDiabetes mellitus 9 (15) 7 (11) n.s.
n=62 n=61Symptomatology
Asymptomatic 10 (16) 20 (33) p<0.005
Headache 7 (11)* 2 (3) p<0.005Symptomatic 52 (84) 41 (67) p<0.005
Focal cerebral deficit 5 (8) – n.s.Contralateral
Seizures 2 (3) – n.s.carotid artery
Postoperative hypertension 19 (31) 10 (16) p<0.005Occlusion 18 (29) 11 (18) p<0.05
Oedema – – –65–99% stenosis 10 (16) 9 (15) n.s.
Intracerebral haemorrhage – – –Normal or 34 (55) 41 (67) p<0.05
<65%
*Numbers between parentheses are percentages.Shunt 25 (40) 17 (28) p<0.05
*Numbers between parentheses are percentages.
of a shunt intraoperatively was significantly higher in
the hyperperfusion group. In the hyperperfusionwas made. To prevent cerebral oedema, corticosteroids
group the mean (95% confidence interval) increase ofwere given intraoperatively to patients at risk of hy-
the PFV and PI in the ipsilateral MCA were re-perperfusion. Usually, this was done at the discretion
spectively 146% (122–170) and 68% (47–89) (Table 2).of one of our vascular surgeons.
The mean increase of PFV and PI in the control groupPatients identified as being at risk of hyperperfusion
were respectively 16% (8–24) and 16% (9–23).were compared to a control group matched for age,
Postoperatively, seven patients (11%) of the at-risksex, and date of operation. The control group was
group had clinical signs or symptoms of hyper-created from the group of 688 CEA patients with TCD
perfusion (Table 3). Two of the patients had seizures,monitoring. Patients’ characteristics were analysed to
occurring on the 5th and 7th postoperative day, andassess significant differences in preoperative symp-
five patients (8%) had focal cerebral symptoms. Onlytomatology, vascular risk factors, side of surgery, se-
one of these patients experienced headache ipsilateralverity of contralateral internal carotid artery disease,
to the side of surgery. Besides, six other patients alsointraoperative shunt use and postoperative morbidity.
had headache, but no focal cerebral deficit. NineteenStatistical evaluation was performed with a v2-test. A
patients (31%) had postoperative hypertension. Nonep-value of less than 0.05 was considered significant.
of the seven patients with focal cerebral deficit and
seizures had a striking number of intraoperative
cerebral microemboli. In the control group there were
no patients with intracerebral oedema or haemorrhage,Results
two patients (3%) had headaches and 10 patients (16%)
postoperative hypertension. There were no patientsIn the total group of 789 carotid endarterectomies, the
combined perioperative stroke and death rate was with seizures, focal neurologic deficit, intracerebral
oedema or haemorrhage. The occurrence of post-3.3%. Of the 688 patients, 62 patients (9%) with a mean
age of 68 years (range 46–91) fulfilled the TCD criteria operative hypertension and headache was significantly
different in the two groups.for hyperperfusion. None of these patients developed
an intracerebral haemorrhage. The relevant patient One patient in the hyperperfusion group developed
a hemiparesis contralateral to the side of surgery 1 hcharacteristics of the at-risk and control groups are
summarised in Table 1. There were no significant after completion of the operation. At re-exploration,
the internal carotid artery was occluded by a freshdifferences between the two groups concerning the
incidence of preoperative hypertension and diabetes thrombus. After removal of the thrombus, both PFV
and PI increased >100% at clamp release. Post-mellitus. In the control group, there were significantly
more asymptomatic patients. The incidence of an oc- operatively, the patient still had a hemiparesis, and a
CT scan of the brain showed a large infarction in theclusion of the contralateral carotid artery and the use
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MCA territory, with oedema. The clinical symptoms as risk factors for the hyperperfusion syndrome. Mc-
of this patient were probably due to a thromboembolic Carthy et al. concluded that patients with an occlusion
stroke after the first operation and were not the con- of the contralateral internal carotid may have a greater
sequence of a hyperperfusion syndrome after the sec- risk of developing an ICH after CEA.26 In our patient
ond intervention. Nonetheless, we decided to include group, which fulfilled the TCD criteria of hyper-
this patient, because he was certainly at risk for perfusion, there was a higher incidence of contralateral
hyperperfusion, with a recently infarcted hemisphere. occlusion. Nevertheless, some patients who have no
known risk factors still develop a hyperperfusion syn-
drome. Therefore, selecting patients at risk for hyper-
perfusion and ICH on the basis of preoperative risk
Discussion factors is not reliable. Several reports underline the role
of TCD in selecting patients at risk of a postoperative
Sundt et al. were the first to describe the hyperperfusion hyperperfusion syndrome.16,18–22 Powers et al. made a
syndrome after CEA.7 They analysed 1145 carotid diagnosis of hyperperfusion syndrome with serial TCD
endarterectomies. Regional cerebral blood flow (rCBF) in two patients.16 Sbarigia et al. and Naylor et al.
measurements were performed in all patients. Post- showed that patients with a reduced preoperative
operatively, 20 patients exhibited signs or symptoms cerebrovascular reserve capacity had a significant in-
of hyperperfusion, and five of these patients developed crease in MCA blood flow velocities on the side of
intracerebral haemorrhage. All patients had an in- surgery compared to basal preoperative values and,
crease of rCBF >100% in comparison with baseline therefore, were at risk for a hyperperfusion syn-
values. According to the authors, this suggested para- drome.18,20 Chambers et al. could not predict hyper-
lysis of cerebral autoregulatory mechanisms. The brain perfusion from TCD criteria.19 They did not, however,
was incapable of controlling its blood flow and became perform intraoperative TCD monitoring. Jørgensen et
passively dependent on the perfusion pressure. There- al. showed that, in patients with a postendarterectomy
fore, in a previously hypoperfused area with impaired hyperperfusion syndrome, ipsilateral MCA mean flow
cerebral autoregulation, restoration of normal per- velocities were pressure-dependent. Reduction of ar-fusion pressure after CEA can lead to hyperperfusion.
terial pressure leads to normalisation of flow velocitiesBreen et al. described five patients (2.7%) with severe
and resolved episodes of headache and seizures inipsilateral white matter oedema after carotid surgery.17
symptomatic patients.22All patients presented 5–8 days after surgery with
We based our cut-off values on the results of thehypertension, headaches, seizures and focal neurologic
studies of Sundt, Piepgras, and Jansen.3,7,23 Piepgrassymptoms. One patient died from herniation sec-
et al. did a retrospective analysis of 2362 patientsondary to massive oedema. In the other patients, the
undergoing CEA.3 To identify the role of hyper-CT abnormalities and neurologic signs were resolved
perfusion, regional cerebral blood flow was assessedwithin 3 weeks. Breen et al. concluded that brain
during and after surgery. Hyperperfusion was definedoedema with focal neurologic signs should be included
as “at least 100% increase of baseline cerebral bloodas a serious but potentially reversible component of
flow”, and 11.6% of the patients showed such anthe postoperative hyperperfusion syndrome. The
increase. Fourteen patients developed an ICH, andhyperperfusion syndrome is a clinical diagnosis based
nine of these patients had a more than 100% increaseon a number of non-specific signs and symptoms. It
of rCBF. In our study, using a combination of cut-offis important to diagnose patients as soon as possible,
values of TCD parameters, 9% of the patients fulfilledpreferably before the occurrence of intracerebral oed-
the criteria of a postoperative hyperperfusion syn-ema or haemorrhage. Headache is a very common,
drome. With strict postoperative control and treatmentbut subjective, phenomenon and occurs in a lot of
of hypertension in this selected group of patients, nopatients after carotid surgery. Seizures and focal neuro-
patient developed an ICH. Moreover, in the matchedlogical deficit can have other underlying causes. Reigel
control group no patient exhibited clinical signs oret al. identified periodic lateralised epileptiform dis-
symptoms of hyperperfusion syndrome. In othercharges (PLEDs) on EEG as “a sensitive but non-
words, all patients clinically at risk were correctlyspecific objective indicator” for the hyperperfusion
identified. On the other hand, of the 62 patients whosyndrome.11 In fact, PLEDs are indicative of epileptic
fulfilled our TCD criteria and who were strictly mon-activity and not particularly helpful in identifying
itored and treated after surgery, only seven finallypatients at risk for a hyperperfusion syndrome.
developed clinical signs and symptoms of a hyper-High-grade carotid artery stenosis, poor collateral
flow and contralateral occlusion have been identified perfusion syndrome and no patients had an ICH.
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